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BONDING STRUCTURE FOR REFRACTORY SLEEVE DEFlNINOmHER 



HOLF OF rn]\iT ij>jTTnTTr, r arttno nozzt.e . 



TECHNICAL FIELD 
The present invention relates to the prevention of alumina deposit on the inner hole of a 
nozzle for use in continuous casting of steel, such as a submerged or immersion nozzle, upper 
nozzle, sliding nozzle, lower nozzle or long nozzle. In particular, the present invention relates 
to a bonding structure for a refractory sleeve defining the inner hole of such a nozzle to achieve 
that purpose. 

BACKGROUND ART 

A non^etallic inclusion in steel, such as alumina, which is deposited on the inner hole of 
an immersion nozzle during a steel continuous casting process, has adverse affects on the quality 
of a final product. In connection with strict quality recently required for steel products, a good 
deal of effort has been made to reduce the deposit of the non^etallic inclusion. Moreover, in 
the casting for long hours, the deposit on the inner hole of a nozzle, such as an immersion nozzle, 
causes clogging of the inner hole, which leads to difficulty in continuing the casting operation or 
deterioration in productivity. 

Heretofore, in order to physically reduce the deposit such as alumina, argon gas has been 
injected from the inner surface of a nozzle into molten steel. In this technique, if the argon gas 
is injected at an excessive amount, resulting gas bubbles will be incorporated into slabs to cause 
the formation of pinholes in a mold or defect in a steel product. Thus, the gas has to be 
injected at a limited amount, and consequently an adequate effect cannot be always obtained. 

There has also been known a technique for chemically reducing the deposit such as 
alumina, which is intended to provide a function of preventing alumina deposit 
(anti-alumina-deposit function) to a refractory material of an immersion nozzle. A typical 
refractory material according to the above technique is disclosed in Japanese Patent Publication 
No. 02-23494. This refractory material is based on CaO-Zr02-Graphite (hereinafter referred to 



as "ZCG") using CaO-Zr02 clinker which contains CaZrOs as a primary component, and the 
publication discloses the application of the ZCG-based material to the inner hole of an 
immersion nozzle. 

Currently, the ZCG-base material has put into practical use only in a part of nozzles, but 
not come into general use. One of the reasons is in that if steel has a relatively large amount 
alumina inclusion, an adequate anti-alumina-deposit effect cannot be obtained. Thus, in such a 
case, it is required to take a measure of increasing the amount of CaO bringing out the 
anti-alumina-deposit effect, or of reducing the amount of carbon or graphite so as to increase the 
ratio of CaO to graphite. However, if the amount of CaO is increased, the ZCG-base material 
will inevitably have a larger thermal expansion coefficient. Thus, the material applied to the 
body of a nozzle is likely to cause thermal spalling. Even if the material is applied to only an 
inner hole portion of a nozzle, the body of the immersion nozzle will be likely to be pressed and 
cracked by the thermally expanded material. 

Japanese Patent Laid-Open publication No. 62-24846 discloses a continuous casting 
nozzle having a cylindrical sleeve made of lime-based refractory material and inserted into the 
inner hole surface thereof, which exhibits excellent absorbability of alumina to prevent clogging 
of the inner hole thereof. As with the aforementioned publication, this nozzle has a problem of 
cracks of the nozzle body caused by expansion of the refractory sleeve due to a relatively large 
thermal expansion coefficient of the lime-based refractory material. 

DISCLOSURE OF INVENTION 

It is an object of the present invention to provide a bonding structure between a nozzle 
body of a continuous casting nozzle and a CaO-containing refractory sleeve inserted into the 
nozzle body to prevent alumina deposit, which is capable of preventing the expansion of the 
refractory sleeve from excreting adverse affects on the nozzle body. 

It is another object of the present invention to provide a bonding structure capable of 
preventing the refractory sleeve attached to the nozzle body from being detached therefrom even 
if the refractory sleeve is thermally expanded. 

It is still another object of the present invention to provide a continuous casting nozzle 
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capable of effectively reducing alumina deposit and contributing to stable casting operation and 
improvement of slab quality. 

In order to achieve the above object, in a process for bonding a refractory sleeve 
(hereinafter referred to as "sleeve"), which contains CaO highly effective in preventing alumina 
deposit, to the body of a continuous casting nozzle by use of an adhesive, the present invention 
is directed to adjust a porosity of a joint composed of the adhesive. 

Specifically, the present invention provides a continuous casting nozzle including 
thereinside a refractory sleeve which contains 20 mass% or more of CaO. The nozzle 
comprised a joint formed by applying an adhesive to a joint zone defined in either one of at least 
a portion of the outer peripheral surface of the sleeve and at least a portion of the inner surface 
of a hollowed body of the nozzle to which the sleeve is attached, or between the inner surface of 
the body and the outer peripheral surface of the sleeve inserted into the body. The adhesive 
includes a mixture of a refractory aggregate and a binder. Further, the adhesive is adjusted to 
have a porosity in the range of 15 to 90% after dried in the joint zone. 

While a continuous casting nozzle having a nozzle body and a CaO-containing refractory 
sleeve combined with the nozzle body may be prepared by integrally molding the sleeve and the 
nozzle body or by inserting the sleeve into the nozzle body and adhesively bonding them 
together, the adhesively bonded structure has a spalling resistance superior to that of the other 
structure. It is believed that the excellent spalling resistance comes from the adhesive joint 
having a function of absorbing or relaxing a thermal stress due to exponential expansion of the 
sleeve caused by molten steel flowing into the inner hole of the sleeve during use of the nozzle. 

Through various researches on the material, structure and shape of a continuous casting 
nozzle, it has been found that the stress relaxation function can be obtained only if the adhesive 
joint has a porosity of 15% or more. If the adhesive joint has a porosity of less than 15%, its 
ability of relaxing thermal stress will be undesirably deteriorated to cause the risk of cracks in 
the nozzle body due to the thermal stress. On the other hand, an excessively high porosity 
causes problems, such as detachment of a part of the sleeve due to insufficient bonding force. 
In view of a fact that the expanded refractory sleeve during use is approximately in close contact 
with the nozzle body, a practicable range of the porosity is 90% or less, particularly preferably 
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in the range of 30 to 75%. 

The porosity in the present invention can be calculated based on a true specific gravity of 
the adhesive and a volume of the joint zone to be defined between the nozzle body and the 
sleeve, which are measured in advance, and a weight of the adhesive to be used as the joint or to 
be filled in the joint zone. 

The adhesive to be used in the present invention may be a mortar type in which a 
refi*actory aggregate is dispersed over a liquid binder dissolved in a solvent, or a dry type in 
which phenol resin is coated on a refi-actory aggregate. Typically, after such an adhesive is 
applied to the joint zone, it is subjected to a drying process for removing the solvent or curing 
the phenol resin. As used in the specification, the term "porosity" means a porosity after the 
adhesive is dried or subjected to the drying process. Preferably, the refractory aggregate to be 
used in the adhesive has a particle size of 0.5 nun or less. Further, the porosity may be 
adjusted by changing an amount of the solvent and binder, or a filled amount of the adhesive. 

The adhesive may be applied to at least a portion of the outer peripheral surface of the 
sleeve, or at least a portion of the inner surface of the hollowed nozzle body to which the sleeve 
is attached, through brushing, splaying or the like. Alternatively, a tape-shaped member 
impregnated with the adhesive may be wound around such a joint zone, for example, at least a 
portion of the outer peripheral surface of the sleeve. Alternatively, depending on the thickness 
of the joint, or if the joint is set to have a relatively large thickness, the adhesive joint may be 
formed by filling the adhesive in a joint zone defined between the inner surface of the hollowed 
nozzle body and the outer peripheral surface of the sleeve after inserted into the nozzle body. 

In case where the sleeve containing 20 mass% or more is adhesively bonded to the nozzle 
body, it is desired to select the component of the refi-actory aggregate for the adhesive in 
consideration of the reactivity with CaO. Specifically, SiOa or AI2O3 reacts with CaO in a 
high-temperature range due to heat of molten steel to create a low-melting^oint substance. 
Thus, if a refractory aggregate containing such a component is partly used, it is required to take 
account of the amount of the component careftiUy. By contrast, MgO, CaO or ZxOz has a low 
reactivity with CaO, and therefore creates only a small amount of low-melting-point substance. 
Thus, it is preferable to use a refractory aggregate containing one of MgO, CaO and Zr02 or 
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their compound as a primary component. 

In view of a handling performance and/or a cost performance, an MgO-containing 
refractory aggregate is particularly preferable. For example, a mortar-type adhesive contains 
MgO as a primary component, 70 mass% or more of the refractory aggregate is formed by using 
a magnesian material such as sintered magnesia, calcinated magnesia or fused magnesia. In 
order to prevent a frision damage due to thermal load from molten steel from occurring, it is 
preferable to use MgO having a purity of 95 % or more, or CaO or Zr02 low in impiu-e 
components, such as Si02 or AI2O3. 

In case of combinationally using a refractory aggregate containing MgO as a primary 
component, and 30 mass% or less of one or more substances including alumina and/or 
aluminum in the form of AI2O3, a spinel is created due to thermal load from molten steel. Then, 
due to expansion of the aggregate in connection with the creation of the spinel, the porosity of 
the joint is reduced, and the bonding strength between the nozzle body and the sleeve is 
increased. The creation of the spinel has no adverse affect on spalling likely to occur at the 
initiation of the pouring of molten steel because the spinel is gradually created after a thermal 
stress generated at the initiation of the pouring is relaxed. However, if the substances to be 
combined in the form of AI2O3 become greater than 30 mass%, a low-melting-point substance 
will be undesirably created at a large amount through the reaction with CaO contained in the 
sleeve. 

While the thickness of the joint is not limited to a specific value, it is preferably set in the 
range of 0.5 to 2.5 mm in view of the stress relaxation and bonding frinctions of the joint. In 
case where the thickness of the joint is set at a relatively small value, it is preferable to set the 
porosity of the joint at a relatively large value so as to provide an enhanced stress relaxation 
function. In case where the thickness of the joint is set at a relatively large value, it is 
preferable to set the porosity of the joint at a relatively small value so as to provide an enhanced 
bonding function. 

BRIEF DESCRIPTION OF DRAWINGS 
FIG, 1 shows an immersion nozzle according to one embodiment of the present invention. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

In an immersion nozzle illustrated in FIG. 1, the reference numerals 1, 2, 3 and 4 indicates 
a nozzle body, a ZG composition used on a slag line, a sleeve, and an adhesive joint, 
respectively. 

A to F in the following Table 1 indicates examples of a composition for use in each portion 
of the immersion nozzle. 



Table 1 



Type of Composition 


A 


B 


C 


D 


E 


F 




C 


25 


25 


20 




25 




Compounding 
Ratio 


AI2O3 


75 












MgO 




75 






35 


40 


(mass%) 


Zr02 






60 


70 








CaO 






20 


30 


40 


60 
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Table 2 





Comparative 
Example 


Inventive Example 


1 


1 


2 


3 


4 


5 


6 


7 


Material of Body 


A 


A 


A 


A 


A 


A 


A 


A 


Material of Sleeve 


C 


C 


C 


C 


C 


C 


C 


C 


Porosity of Joint 


10 


15 


20 


30 


45 


60 


75 


90 


Spalling 
Test 


Cracks in 
Body 


X 


O 


O 


o 


O 


O 


O 


o 


Detachment 
of sleeve 


O 


o 


o 


o 


o 


O 


O 


o 





Comparative 
Example 


Inventive Example 


Conqiarative 
Example 


2 


3 


8 


9 


10 


11 


12 


13 


14 


4 


Material of Body 


A 


A 


A 


A 


A 


A 


A 


A 


A 


A 


Material of Sleeve 


C 


D 


D 


D 


D 


D 


D 


D 


D 


D 


Porosity of Joint 


95 


10 


15 


20 


30 


45 


60 


75 


90 


95 


Spalling 
Test 


Cracks in 
Body 


O 


X 


A 


O 


O 


O 


O 


O 


O 


O 


Detachment 
of sleeve 


X 


O 


O 


o 


O 


O 


o 


O 


O 


X 



In the test result, O: no defect. A: occurrence of minor defect, ^: occurrence of serious defect 



Table 3 





Comparative 
Example 


feventive Example 


5 


15 


16 


17 


18 


19 


20 


21 


Material of Body 


B 


B 


B 


B 


B 


B 


B 


B 


Material of Sleeve 


E 


E 


E 


E 


E 


E 


E 


E 


Porosity of Joint 


10 


15 


20 


30 


45 


60 


75 


90 


Spalling 
Test 


Cracks in 
Body 


X 


A 


O 


o 


O 


O 


O 


o 


Detachment 
of sleeve 


O 


o 


o 


o 


O 


o 


O 


A 





Comparative 
Example 


Inventive Example 


Comparative 
Example 


6 


7 


22 


23 


24 


25 


26 


27 


28 


8 


Material of Body 


B 


B 


B 


B 


B 


B 


B 


B 


B 


B 


Material of Sleeve 


E 


F 


F 


F 


F 


F 


F 


F 


F 


F 


Porosity of Joint 


95 


10 


15 


20 


30 


45 


60 


75 


90 


95 


Spalling 
Test 


Cracks in 
Body 


O 


X 


A 


O 


O 


o 


o 


O 


o 


O 


Detachment 
of sleeve 


X 


O 


O 


o 


O 


o 


o 


O 


A 


X 



In the test result, O: no defect. A: occurrence of minor defect, ^ : occurrence of serious defect 
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The compositions A to F as shown in Table 1 were combined as shown in Tables 2 and 3 to 
prepare inrmiersion nozzles with the structure as shown in FIG. 1. In these examples, the ZG 
composition used on the slag line was commonly made of a material containing 16 mass% of 
FC, 80 mass% of Zr02 and 4 mass% of CaO. The adhesive joint 4 between the nozzle body 1 
and the sleeve 3 was set to have a thickness of 1.5 mm, and the porosity of the joint was 
adjusted by changing a filled amount of the adhesive. A mortar comprising 10 weight parts of 
novolak-type phenol resin, 1 weight part of hexamine and 10 weight parts of ethanol with 
respect to 100 weight parts of MgO aggregate was used as the adhesive. 

A spalling test was performed while pouring molten steel having a temperature of ISSO'^C 
to each of these samples or immersion nozzles to evaluate the occurrence of cracks in the nozzle 
body and detachment of the sleeve. The sample having no defect, the sample having a minor 

defect and the sample having a serious defect were represented by the marks O, A and ^, 
respectively. 

As seen in Tables 2 and 3, if the porosity of the joint is set in the range of 15 to 90 %, the 
example had an adequate result of the spalling test, or had no or minor defects concerning the 
cracks in the nozzle body and the detachment of the sleeve. 

INDUSTRIAL APPLICABILITY 

The present invention is applicable to a metal casting nozzle, particularly to various 
regions of an inner hole of a nozzle for use in continuous casting of steel, such as a submerged 
or immersion nozzle, upper nozzle, sliding nozzle, lower nozzle or long nozzle, onto which 
alumina is likely to be deposited. 
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